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NOTICE;  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OH  OTHER  DATA 
AR£  Used  for  any  purpose  other  than  in  connection  with  a  DEnNTTELY  RELATED 

GOVERNMENT  PROCUREMENT  OPERATION,  THE  V.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBUGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
mPT  taTION  OR  OTHERWISE  AS  IN  ANY  MANNER  UCENSING  THE  SOLDER  OR  ANY  OTHER 
f  .'N  OH  CORPORATION,  OR  CONVEYING  ANY  RICSTS  OR  PERMISSION  TO  MANUFACTURE, 


t»at  may  m  any  way  be  rel  »t' 
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^  i  Thla  (lacumcnt  is  the  property  of  the  United  States 

I  Government.  It  is  furnished  for  the  duration  of  t.Hc  contract  and 

I  Bhail  be  retur'tied  T/hen  no  longer  or  upon 

I  recall  by  ASTIA  to  the  following  ilddi^ess: 

;)  Armed  Services  Technical  Information  Agency,  ArUhgton  Hail  Station, 

{  Arlington  12,  Virginia  ] 
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NOTICE:  THIS  DOCUMENT  CONTAINS  INFORIVIATION  AFFsCTING  THE 
NATIONAI.  DEFENSE  OF  THE  UNITED  STATES  ^TTHIN  THE  AlEANSMG 
OF  TEE  ESPIONAGE  LAWS,  TITLE  18,  U.aC.,  SEsCTIONS  793  and  794o 
THE  TRANSMISSION  OR  THE  REVELATION  OF  ITS  CONTENT'S  IN 
ANY  MANNER  TC  AN  UNAUTHORIZED  PERSON  IS  PROHIBITED  BY  LAW. 
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CONFIDENTIAL 


FOSSJORD 


Tae  ex'bange  of  informtloa  aaoafi  lutesti&itora  vorklng  oa  dirfereat 
pro>)les0  Id  tka  bioad  iu.aa  lit  uafo>  v-.uJM'Liiiy  ucjaei  ltasit  luc^oa^ilaue, 
often  luTreoueat.  fc&d  aeldo*  jum— Vfc*r»  the  are*  liiToXyed  Is  under  a 
security  claaslflcatton,  there  la  eres  less  than  the  unual  aaouut  of  Id- 
fonaatlou  exo banned.  When  the  Isvcdtlgatora  aro  tn  ludspaadeat  Frivate 
lahcmtorlea  and  tn  quasl-lridepcodant  goremaent  .^nhoratorles  linked  ctLly 
through  contractual  and  adalolatratlTB  relatlcvahlpa  tod  separaitadl  phyal- 
csdly,  thoro  Id  a  gi'uat  vudalblUtj'  that  each  inxeatlKator  Bay  ccaiduct  his 
work  lo  coapamtlTe  Isolation  froa  tha  others. 

This  repoit  auaaarixaa  tha  proceedings  of  an  atteisFt  to  facilitate 
the  oecaasary  and  la^i-tant  exchange  of  lufcraatlon  aaoug  a  aesQl  group 
of  luTeatlgatoi  o  froa  the  Quari.aiws>.%r  and  Koglneerlng  Canter 

and  froH  pu.'.vato  organisations  under  contract  to  the  i^uarterBsater  Research 
snd  Engineering  CooMtad  concerned  vlth  the  deTelofent  of  ■aterlsls  tor 
paraaonel  srw>r.  It  wu  the  coneanaue  of  those  atiending  that  the  tvo- 
dey  laforml  syx.ix>sliiB  did  result  In  tha  hoped  -for  exchange  of  Inforaetlon. 
F'lrtheraore,  there  van  otrtsr  l^ortant  results.  Investigators  vorklng 
lader  contract  becaae  better  auare  of  tho  bread  outline  of  the  field  of 
Interest  to  tbs  QM  BU  Coieasnd,  and  of  the  specific  probleas  com  under 
study.  Contacts  eere  aotabllshed  between  Iniestlgators  froa  the  nrlous 
prlTste  Ishoiatories  represented.  The  aaetlcg  stlaulated  Ideas  Vi  be 
bitniglEt  back  for  ccnsl deration  and  testing.  Finally;  an  opportunity  for 
frae  dlaousslun  was  prorlded  for  each  reprasantatlve  to  state,  crltlelte, 
a&d  tefemd  hie  Ideas  arid  these  of  his  coUaaguet:  in  short.,  this  sy^o.elua 
prOTldnfl  the  oppri'tcnJ.ty  for  suhjactlng  inforaatlan  snd  Ideas  to  the  cri¬ 
tical  analysis  of  the  group. 

Tha  success  of  tha  syaposlus;  as  erldencea  by  the  participants'  ax- 
pa'sssloos  of  Interest  and  re(iassts  for  future  neetlngs,  Iraws  no  doubt 
that  neetings  of  this  kind  -vrs  both  dssimhlc  and  worthwhile.  In  the 
futore,  a  syagoalur  on  personnel  araor  aaterlals  vlil  be  held  periodically. 
A  slailar  syaixisliK  Is  jUanned  on  helxst  an.1  body  araoj  dasl^  and  fabri¬ 
cation  tzroblsws.  It  le  further  'lopad  that  -t-bass  aeetlngs  can  be  aapanded 
to  tncluda  participation  by  other  lutarws^ed  gocemaeot  sgenclea. 


(il'jPr.h  R .  TKO>IAS ,  Ph.D .  • 

Chief 

AppxuTEu;  (;b»alcaVK  uni  Plasties  Division 

CARL  L.  WETTHKf,  Lt.  Col.,  OHC 

CoBwacdlcg  Officer 

OH  RAE  Center  Laboratoriee 

A.  OTUABT  H’WTEH,  Ph.D. 

Scientific  Director 

QM  KeseMch  &  Bnglocerlng  Co-janl  ’ 
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ABSn^CT 


TUe  pr>?c«*4iD^  of  tbe  Pi»raoan»l  Ar»or  Kavvriala  Syi^aliaa  iwld  aL 
idM  Qu&rt*nuit«r  Reasarcli  and  Eo^auarloA  Caatfir  oo  19>20  3«pt«:A*r  19^7 
ar«  pTBaanted.  Partlclpsnta  vsrs  tbCwS  psrssssisl  cf  tUs  Csstsr  ssA  at 
organizations  vndsr  contract  to  tlia  <>>(  RU  Craaaiid.  angagcd  In  taa  daral- 
ojsnt  of  ccitarlaJLa  for  amaor.  SuiMarlet  of  the  eiem  papers 

deUnred  at  the  BTeEpoatvaa  ara  imBarrrtaa .  Bti  m!  m-r*  for 

the  greater  uaa  of  ajaposi^  for  pri'BcsnSi  la  rsaay  g:r«em3BHit  3abo;,"ato7rle8 
ar.A  goTorasat  contractor  laboratories,  who  are  active  In  conducting  In- 
-reatjlgatlrxjii,  to  facilitate  exchaaga  of  Icforaatiao  and  ideas. 


iT 


I'i'  /JiMCS?  MAfSTAI/!  HlfiTfORln 

19,  20  3ert«rS)er  jL;#57 


IffTRODOCTIOB 


^b«  Quart«nast«r  Corpe  tvaa  Depiirtaent  of  tiw  A?^  i«apoa*lblllty 
for  t-h^  Ti-fe  ■  ■■  ■»  yj?r*  ""***'*  ^SmOT ,  ?mS  QwjTtwXHM  t«r 

R«iM.'r<'h  rdoL  KiiclBe«rlA«  Coaaad  !■  (L«slt(Bc4  that  raieitrch  aoA  dcinnloiBent 
actltltlaa  us4*r  Projact  T-  BO-O^-OOl,  Pei-acBsal  Anur.  At  tba  HAS 
Ceatjr.  woiic  la  coeAuctad  aa  a  taaa  pro.laet  laTOlTlsg  all  flTa  opanttlna 
DlTialooa,  vlth  tlM  Cbaattc«la  aol  Plastlca  DtTlaloc.  aa  tba  project  leader. 

At  a  oodtULy  technical  enetlitg  of  Center  peraonaal  en^icad  In  thia 
project,  Mr.  Theodore  L.  Ballay  aocxaatad  that  the  CoMaad'a  contractora 
vorklns  peracauul  txmor  be  Inrlted  to  a  eaetls^  vbarsis  both  the  coe- 
trmcto.-  and  Center  peracnnel  coiild  laforeatlon  and  dlacnaa  Idcaa. 

This  kk^catlon  wee  cnthueiMfcxcalljr  endorsed  hj  the  grtnap. 

The  nature  of  the  ■eetlnii  vse  deteraised  by  tla  resillzetloo  that.  In 
order  to  acccaiplleh  Ita  objective  of  proeoelaa  the  exchiujaa  of  InfonietlOQ 
and  the  dlecuaalon  of  Ideas,  tlie  aic«tlt.d  akoxld  bo  kept  aaall  end  inilte 
Inforaal.  AeeordlEgljr,  the  first  tasstlnc  see  reotilctad  to  the  sahjsrt 
of  aaterlela  for  pereonnel  armor.  A  tvo-day  iteofing  uaia  bellered  deotr>' 
ahla  in  order  to  allow  sufficient  dlacueelcm  time.  Further  aaetlngs  are 
plaoued  to  dlectiow  bod^r  armir  dealgn  end  febrlcatloo  probleao. 

Tba  ph/slcal  arrangenantc  for  tba  meatlag  vera  aalectad  to  enhance 
tha  Infonaal  atmoepbere  coosldated  deairehle  for  the  euceeaa  of  tha  maat' 
log.  The  QmlBC  Offieera  Club  Icuige  vaa  aclactad  ratbar  than  a  large 
conference  roou  or  the  Center  audltorloe. 

Inritatione  vere  eent  to  Ccwial  contractora  concerned  with  uterlila 
for  personnel  armor  and  all  accepted. 


1 


SrnrtQiurt  AGsiiUA 


Tbe  prapared  aewida  wui  foULovad  dxcapt  for  a  chanfia  la  tt«  order  of 
tba  speakers  for  tfen  aftamooo  of  tbs  first  dsy  asd  tba  sltaliiatloa  of 
th«  tmir  scbsdulsd  for  tis  ssc^d  sftsrac^  to  aXloir  additlcaal  dlscu- 
siOD  tljBS.  Tba  agenda  foliomd  Is  glTviii  bsraln. 

HKAaOilsaneBPl  an»Ba*TOA«prro  HESS/ISCH  MS  25CIJSHiIir  CClSiASS,  VC  MSS 
QUAKTlSKMA^rKR  RE3SARCB  AHB  ya^-Tumim  CKltTHt 
BATICK,  HAtaACHlCTTTS 

ARMOR  M/iTKRIALO  SIMTOSIUM 
19i  20  Septasbar  197? 

AcaroA 

Tours  day,  19  Sapteabsi-  1957 


ifslcc^  (lOOO  -  1005) 


Dr.  J.  P.  Uaetarlios 


fttcag  Anrior  Frograa  (1005  -  1020) 


Mr.  M.  I.  laodsWg 
(Cbalrma) 


Presentations 

1.  QWfcE  Center  (1020  -  1120) 

a.  Tbs  dsTslopsent  of  Buitlpbseic  araor  Mr.  A.  L.  Alas) 

coostractloDS . 

(atbot  structures  coasistln«  of  tvo  or 
B}ra  dlsslMllar  aaterlalB  ere  discussed. 

A  suggested  BStbod  cf  seltctiog  natcr-. 

IsJLs  to  cqcstruct  a  au'-tlpbasic  st.-uctura 
is  prasuntad.) 

t.  Energy  eisarytlos  of  eln^e  layer  end  Mr.  A.  S.  Tante 

cospuslte  araor  structures. 

(The  rartatlon  In  ea^rgy  absorp.ion  of 
rarloua  armor  naterlals,  vcru  by 

two  sires  of  fragment  tidlutoro  at  .arloun 
■velocities.-  is  dlscossf  l.  Tfer  application 
of  energy  absorption  studies  on  ast^rlals 
in  co35:o8lt«  panels  is  deeonstratod. ) 


2.  Polaroid  Coilporatloa  (1120  12£0) 

a.  Scope  of  progran. 


Dr.  W.  A.  St'orcilff 


U.  Slue  u>illia\.ic  properti**’  oi  Uf-^y  plfitoc.  hr.  E.  3.  Emeracn 

c.  c-l'  -i'pc  £ni  cztsnt  oi  Dr.  W.  A.  3!mrcHff 

leUsB  aacas  organic  pol^T^crlc  aolecules 

coHpr-lsing  aa  amor  panel. 

d.  Applicability  of  dynaale  pbotoclaatlc  Mr.  B.  3.  Biaeraoa 

asalyaia  to  tbe  stivOy  of  lapact  pfaenonena. 


Lunch  (li'lO) 

3.  Rutgcrw  Unlycrriity  (1330  •  1**30) 

Properties  of  tecfaxilcal  ceraolca.  Dr.  K.  J.  Saoke 


(Dltcruailou  of  tbe  unique  engineering  proper¬ 
ties  of  cerwrics,  for  exaapla,  refractoriness 
and  other  theraal  properties,  ■echanlcal 
strength,  hardness,  chealcal  durability.) 

b.  Bjorksten  Research  Labs.,  Inc.  (ll»30  -  1530) 

Haaaureitnit  of  tbe  energy  absorption  Mr.  B.  A.  Meyer 

characteristics  of  naterlals  ag  a 
fuactlcia  of  piojectlle  ^-eJoclty. 


(Discussloe  of  tbe  cs’uie  and  ellelsatlon  of  a 
■ajor  source  of  error  la  reloeity  iKeuinre- 
Mnts  vlth  luslllno  "crseos.  Bcergy  absorp¬ 
tion  M~eni)iTSissir'rii  vll  I  also  be  pmsMsted.  on 
wterials  tested  to  date.) 

Discussion  {1530  1700) 

w«w  the  &STrlcpsent  of 

ia.tsrlals  and  aattrlaJ.  aystus. 

Friday.  20  Scptasajer  1957 

Presentations 


1.  U.  5.  Amy  Chemical  Varfare  Laboratories  (0900  -  1100) 

a.  Technique  for  dcteralnlng  strain  history  Mr.  J.  V.  Jaaeson 
of  yarns  under  hlgh-*spec.l  Inpect. 

(Discussion  of  apparatus,  ta-fenlqure 
lij''.r'~ntstlca  for  obtaining  on  o  ph.oto- 
gn  tbe  c(«p!ets  Mctory  of  the  atrala 
(US':— 'butlon  In  a  single  yam  vhen  iiepac- 
tfcu  *Toas-»er»elj  at  high  speeds.  Pimto- 
gxsptiB  obtained  ylth  rotating  /slrtor 
apparetuB  vlll  be  dlecussed.) 
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b.  A  kiu«  •bec’iiluiie  Tor  detwralntai;  Mr.  G.  M.  Gtevai-t 

trj't.fli.ent  ftsfomatlon. 

(A  phonographic  atiidj  of  the  SjcaBlcs 
of  bocly  araor  naterlals  unibx’  high- speed 
lopact  uslog  a  Bulttriub  uali-  for  tbs 
light  source.  Results  of  studies  of 
isaoected  helaet,  cloth  en<l  ysm,  end 
secondary  alsrlle  ei'fect  froa  lopacted 
protectlTS  lenses  vlll  be  dlecussed.) 

2.  Battolle  ttoaorial  Institute  (1100  -  J200) 

Derelopasnc  of  tltanlua  alloys  undar  Mr.  A.  M.  Sabroff 

Queirteraaster  contract. 

Lunch  (12.V) 

Discussion  (1330  -  1500) 

Hew  appruacbea  to  the  deT«ioi»eitt  of  araor 
■sterUJs  and  aaverial  systeas. 

Tour  (15C0  -  1630) 


IDaWiiriUAl'J^  Of’  HrFA.Km8,  T-AnOSATOATIfH  y>m)  CO.f?Bf/-Tr> 


QM  R&B  Corw*"i. 

Dr.  J.  Fred  Oesterllng,  Deputy  Scienttflc  Director 
QM  SAe  Center 

Project  7-fl0“O5"001.  Pereonael  Ar»or 

Participating  Dirlelooe:  Cbaadcala  &  Plaatlca  (Project  Leader) 

EoTlromiental  Protection 
Mechanical  SaglBecrlng 
Plooeerlna  noconrcb 
Textile,  Clothing  &  Pootvear 

Fipeakr.ra.  Mr.  M.  I.  LaikUu..«a5  C',!*',  Feraonftel  Araor  Sectlrai 

Cbawlcala  h  Plastlco  Divlaloa 
Mr.  A.  L.  .Heal,  Techaologlst  (Maatlca) 

Cbenlcala  A  Plaatlca  Dlrialon 
Mr.  A.  3  Te/ite,  ffe  vh*aical  i£cgliiei»r  (Textlleo) 

Textile,  Clothing  &  Footm^eur  DlTlalon 

Polaroid  Corp.t  Cnatirldee,  Maac. 

Contract  DA19-129-<iM-209  "InTeatlgatlca  of  the  Mechaalaa  of  toejgy 
Ahiorptlon  Cbaraeterlatlca  of  Ww  I-'olyerlc  MaterJala"  (Coaflden^al) 

Dr.  «.  Sh-iiollff,  Technical  Cooidluator 
Mr.  E.  8.  Eaei-san  Phyalr1»t 


Rutgera  Unlverelty  New  Brunavich..  W.  J. 

C ontract  S.A19-129  ail  "Seveloigeat  of  Rl.atd  Hlgii  Svrengtb  Ceraaic 
Type  HjoCm  lalu  ana  Fleiibl'j  Coialguratioca  Shaped  to  Miglalre  Brittle 
Tendeoclea^  ‘'(Confldantlal) 

S£^aker;  Di.  E.  J .  Sach^-  Proreeacr  i>r*’''ol  of  Cerajs-lce 

BJorhatea  R°:ear.-U  Labs.,  Inc,  hadluoa-  Wlecoaaln 

Contract  DA19  12^  ^  909  "Tny»etlg«tloa  of  Ballletlc  Propertlea  of 
PeiBonnel  Armor  M&teilala"  (Confl.''.»ntlal) 

3pe ulcer  K  .  E.  A.  Mayer,  Project  LtoJiri 


Cbgdcal  Corpc  h*l)  Cc—naA,  Army  Fpntr-r,  ,  D.lrpctorRtg  rf 

Malexiai  Keacaxetii  CitfeiiAcftX  Wa.rftJt  Lai>oititi>rle3 

Cro»B-S«rylclag  Ordor  Ho.  CSO-Sfl-fe^B. 

J* .  H  •  juO^  ATsuT  Sro^-u,  Blopa^xcs  Dlvlslun 

Mr.  G.  M.  Stevnrt,  Chief,  Bcd^  Araor  Breach 

BlojhTSlca  DtTlflos 

Bhttella  Maaorlal  Inatltiite,  CoIuiAtui,  0. 

Cccihract  I)A]9-3r9.tt>t"933  "?ahnc«lloo  of  Select^  Tltanlua  AHojb 
for  Peraocaei  Arittr  AppllcetloM*^  (C  pafldaatlel) 

Spaaker:  Hr.  A.  M.  Sahroff,  Reaeercn  Natallarglat 

Lleht  Hatalx  Dlvlaloa 
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CONFIDENTIAL 


PAEffiJ  FRESKSTKD 


The  PeTBloiaifent  of  Armny  Ccnjtmctlcma'*- 

A.  I..  Ajeei* 


ane  hisiorictLL  cahcgrouna  or  iciJ.T.ipauic  uraor  vu  outlinea  ua  an 
explAoatlcn  of  the  lyner^atlc  effect  obtalnahle  'rltb  such  ansor  proposed 
In  terns  cf  conblnstions  of  nlsslle  stopping  uud  nlssile-retardlng 
effectiveness  of  the  conpouents. 

The  results  of  szplomtor7  experlnents  vers  rreernt^d,  (STw^Detratlra 
that  composite  amor  cooslutlng  of  tvo  or  note  disslnllar  nntsrlals  li 
capable  of  prodveleg  substantially  greater  protection  than  an  anulvalent 
velght  per  unit  area  of  any  one  coagpocent.  Data  vere  sbcyn  for  three 
L'yetoa  of  tvo  co^porants  each  and  tested  vlth  the  17  grain  .22  caliber 
'f37  fragnent  slaulstlug  projsctlle.  Kaasic't  of  the  ability  to  defeat 
alsslles  (such  as  the  V^q  balUatlc  resiatance  Unit)  and  to  rattul  nls- 
slles  vere  preeented  os  guides  for  tbs  Br''ectlon  and  posltloolng  of  cor- 
ponents  vlthln  a  ccnpoalta.  Data  on  rasAuual  velocity  a«  a  function  oV 
nltille-stnlrlBg  velocity  obtained  vlth  tl»  17  grain  .22  caliber  T37 
frannnt  einulator  for  five  sateriale  (sijlon  c.’oth,  tltaalua  A  lltUT, 
alunlnun  2te  '73  glass  "nd  poly»»thyl  ■sl  -'icrylate)  were  prssented.  By 
application  of  the  synergistic  affect  bl  taliveS'le  vlth  ccaposlte  amor, 
significant  advances  sue  antlclpaltd  In  pro:  !  ling  prot  t,.' loo  for  persconel. 


‘PubilsLel  in  noro  coupler e-  foea  as  Qjsrtj-rnastM  Bc'ccrch  L  E&slnccrlug 
Co»iBnrt,Tecbalcal  Report  CP-f-j  Coeposlt-e  peisoniiel  Amor.  Dec.  1S*57  (C). 
*ftuartems8t»r  Reasaich  h  Engineering  Cer-l^i  .  HatlcV,  ifaBaBChusstts. 


/?/  -  /^i.y/y-v 
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CONFIDENTIAL 


CONHDEMTIAi 


iDgr^y  Abeorptlcn  of  SlnKl^  Layern'  md  Cc—walce  Anr/T  ritnif-turee - 

A.  3.  Tente* 

The  work  cirrled  out.  by  the  Cuertenaeater  fleaeajTh  end  Knglneering 

y rtirt  •niiT’OTf  •>>ar.rT'it.lrm  nf 

Bonnel  nraoT  naterlaJs  vaa  preaeated. 

^  . M  .  a  V-iU  .*.1 14V-. 

^  9i.mxx*ki  A  e  JAva.oi.*siAAy  e  «va«^'  a  a  va  wul^a  v;.^  •-  '-.a  •..  u  -  i  tt.'— 

and  .35  fra^aeat  ilaulatlng  projactllea,  via.  (a)  aaterlela  differ  aarXed- 
ly  In  tlielr  ability  to  retard  projectliea,  (b)  the  energy  loa*  of  peoatrat- 
Ina  projectliea  divided  by  the  areal  (euiface)  denalty  of  the  aatarlal  vna 
found  to  be  velocity-dependent  fur  all  mter.lala  and  (c)  tUa  relatlonahlp 
between  aeterlalB  changes  with  pr-ojectlle  at tH king  velocity. 

The  kinetic  energy  loaa  of  the  callbnr  .1^  ynojectlle  vaa  approxl- 
leetety  me  haif  that  of  the  mllbe.-  .??  jnroject'.ie.  Cimierl eon  on  th.e 

baala  of  the  projectile  striking  energy,  however,  ahowa  that  tha  percent¬ 
age  loss  Ic  greater  for  the  caliber  .13  projectile. 

Limited  energy  absorption  atudlea  have  been  i&de  on  «  few  composite 
stmcturea  utilizing  a  rigid  material  In  front  and  nylon  armor  fabric  In 
hack.  combloatlona  aucb  ao  elaaa-oylon  and  polymethyl  metbacrylato- 

nylon  were  found  to  red'ice  the  kinetic  energy  of  the  projectile  (per  unit 
areal  denalty)  to  a  greater  erteat  than  either  component. 


^Tubllsbed  In  par-t  aa  Quartermaster  Reaea.  ch  d  Knglnecrlng  Center  Raport 
QmB-l4,  Investigation  of  Ballistic  protective  Hat.iilala  for  Faraoonel 
Armor,  Frogrena  Report  I,  Energy  Abeoro'.lor  and  BeUlatic  Resistance 
Limits  (Vi,o)  of  Armor  Katet  leln  uhou  Porforutid  by  a  Iragcont  Slaulatiug 
Klssile  (.P^  caliber  T37),  Deceiier  lS/>7  'ConfldiUtial) . 

•Qu.nrtermi6ter  Reeearcb  f>  Btislneerliig  Center,  hatlch,  Kasaachcestts 
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Reycfi.  by  thft  pojTolrt  Corpomtl.pn'^ 
W.  A.  Starrelifjr* 


raxiimpi  iu  iO  or  rO  yraxa=  soii^  ■■  t  ■•ill  l‘e  liiTiiclently  *dT»nf^ed  to 
pemlt  nan  to  arrlxc  ot  a  dcVioUrl  of  slie  sctlcs  of  an 

armor  panal  In  rtopplog  a  projecttla.  Today.-  ar  lurk  acimtlfic  fona 
nation  OD  which  to  htM  Jiich  an  uadarstandliif.  The  evihject  i>  fuirther 
handlrappHl  by  lack  of  any  t-^rthook  exd  any  trcimlcai  aociaty  dawtad  to 
the  auhjcct  of  peraoaoel  araor.  Alao,  tba  eecracy  which  ehroada  the 
anhject  hlndera  atlaulatlo^  dlac  'oaa  aaiuus  ac  lentlata  In  different 
organl latiuna . 


3cma  BaUlatlo  Pri-pertlea  of  CB-39  Platea 
r..  S.  Emara-^- 


BecauM  glaae  ahova  auch  great  enarigr  absorption  frea  faat  nlaallea 
(alaalleo  wboae  striking  aprsd  exceaJa  tha  Vi^q  tslIub  of  tba  panals  filed 
at) ,  we  tried  to  see  what  organic  polymeric  material  might  hs  eao-igb  like 
glaaa  to  eihlhlt  corTespondlnolT  high  w.-:ergy  •b.s'.Tjitlon  bat  slgit  a-old 
glhjia  tad  features  auch  ai  high  d<cal'''y  and  tendascy  to  abetter  Into 
abarp  fj  Iged  pieces.  Tt«  material  knowi.  aa  CU  39  eppeexed  to  be  a  good 
proapect.  Firing  teats  were  made  and  oui  e.rpectatlraa  were  beme  out. 

C.R  39  piatsu  that  ar*  tblcKn  'tea  l/h  .It'h  show  OjestanJlng  ability  to 
absorb  energy  froe  fe«t.  pro.jerejj.f. 


I^ortacve  of  Type  art  fcTCent  of  PaiaJ  i 
Polymeric  Mcitnlee  Coaprlilcg  ar 


rlj  SB  Anong  Organic 


W.  A.  5hiitil'‘t« 


The  neija  of  tesci.'.tlug  o-i-n^atlon  (i.*.,-  type  and  desrec- 

or  paraileJJea  of  rh*  long  ctnln  m:lectiJes.‘  Jh  polyne.rlc  plntes  that  have 
heru  itrcnglhehed  by  f.r-«rctlng  op^>dt'.ca»  ’s  ■:■->  leecribe  the  stretching 
prorel  iTee  '.^e-i.  This  0-1  bol  1b  liiaJe4:.e.t  •>  epe.lmrns  that  bare  beeu 
stretched  in  apparently  8ish^*r  martvir  auy  eoi  vp  with  qultr>  (ilffe*rlt 
artiis-l  type  ac.t  dcftr*,i-  of  paraj_j.riism  awoag  to*  EOlscuiss.  A  sclrrtlfl 
rally  rigo.-o,ia  aetbi^l  juv.  i^lng  ir  t» 'miLa*  lOD  of  the  three  prlncli*! 
.'efrac  t  i  yr  inilces,  Is  'omo'i.l- *. 


^nrestlge-rica  of  the  Ec-rgy  Abso'Ti-toj  C''ere,'+erlstice  of  New  Polymeili. 
Mat-'  lals,  Hrval  Hepoi y,  Itic.  11,  Po!arol<l  Coip. ,  Cadbridge  Kano. 

*I’olaj:oi(t  Corp. .  Casf'j  ' Uses. 
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Ai^iicAbl  H  ty  of  ))yMLkl''  Vnotoftiaatlc  AD&Iydis 
_ io  ’v  <iA  t  r? _ 


S.  EBcroon* 


A_  _  *t _ ^ _ 't  _ feU.A  ^ _ ^V.  %-i  ^ 

/^I4  n> r» w  (.ucm.1.  «.;.7.i  uixjw— imimii w 

produced  In  Taaela  of  orwnlc  pol^nneric  lanterlnls  by  Incident  aliiilleB  Is 
tbe  iBtbod  known  aa  photoclnatlc  Knalynia^  Curioualy  enough,  the  nthod 
baa  bean  entirely  orerlooked  oy  peraoiu  working  In  tbla  field.  One  eoai- 
pUcatlon  la  that  aoae  of  tbe  fonailaa  ccHKjnly  used  In  static  photo- 
elnatlc  arnlyala  do  not  apply.  Howeeer,  severel  of  tbe  principal  foraulaa 
atm  do  apply,  and  froa  tbeae  ve  can  derive  a  detailed  account  of  bow 
tbe  atieiaea  vary  froa  Instant  to  instant  and  froa  puLnt  to  point. 


♦Polaroid  Ccrp. ,  Caitirldge,  Kisa. 
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^  ^  A  awd  auiw  »  tw*  A  • 

CurariuemiAL 


CONFIDENTIAL 


lVoi>?rtlcD  of  Tcctir.lra.1  Crraalco 
ElwarJ  J. 


Tii»  flr»t  objective  ot  roui'.a'-i.  D/U.9 •1£9  <«M  !■  to  d«t«rBlu«  th^ 

ual-i-i  jtic  projj^riie'i  oi  csrsHic  mterlaos.  rrf^?  ‘  mi  nary  BpcoiiRC^  of 
thrr*  types  of  bry»taailn»  cera«lc»  h»Te  been  »ui)*ltted  for  t«st,  naanly 
aJuBlu,  zlrcoa  aaa  itefttlt^.  ‘iaay  laxue  la  are&l  draalty  froa  97  to  117 
02. /sq.  ft.  la  the  balUatlc  tests,  tb*  strlklm  reloclty  ranged  fro» 
'j.Sb'J  to  i!,iS)0  ft. /sec.  whH»»  tha  r*slCual  rrloctty  rarged  froa  2,637  to 
5^  ft./a*e.  This  resuits  la  the  ccraalc  lcn?«rtng  the  Telocity  la  the 
range  of  V/  to  &h)l.  Ic  all  cases,  tbs  cerantc  shattered  and  exilintared 
In  thA  area  of  i^iact.  It  hae  been  prcrrel  that.  In  soaaa  ceutes,  the  re¬ 
corded  realdual  Telocity  la  that  of  a  rrugaKnt  of  cerialc  since  t'.a  ■Isall.e 
lid  net  penetrate  the  eensnlc .  bpeclnoi*  are  fcslcf,  nrepared  In  lover 
areal  dsiislties  for  fu-t.ber  eenj.’iat  ion. 


A  gsoeral  dlscksslon  of  the  eod<Desrln£  poropertlea  of  ceraalc  aater- 
;.als  vaa  also  preaented.  Inforaatioo  cu  glass,  single  cryatals,  poly- 
cryital  line,  and  crystal  glare  type  ceraalca  vaa  Incltdad.  Fhyalchl 
strength  of  hi  ghiy  porvuj  typAS  of  eerajaloc  la  quite  lov,  In  tha  range  of 
scTeral  hundred  pounds  per  square  inch.  The  aaxlaia  Talue  for  tensile 
strength  Is  27.000  psl,  trare  rerse  atr»ngth  60  000  ps\;  and  ccagireatlTe 
s^iengrh  6o  000  pal.  Other  proti;  ties  ais- 


riardsasa  .  27  to  7  000  f>fnc«'.p) 


Liosax  TberKl  upauQsi.t'u 
(25  to  7CX.'^.^ 


,„-6 


.o  1.0  xy  X  i.o 


.  /.  /O- 

lu./ru./  o. 


Tberaal  Cond-itlTltT  0.0;  to  125  Btu/(hr.)  (ft. 

Fit  nh.n^.h  ^  tn  k"*  In.-  lb«. /•.t.  In. 


•Professor  of  CeraaU-R  ,  School  of  Cereaics  Rutp.ers  T-ie  State  UnlTeralty, 
Nev  Brora  vie  K.  H.  J. 


CONH  DENIS  AL 


Heaaare»ent  of  tt«  Energy  AEeorption  Ctis,r»''tsi  istlce 
ct  Itoterlalo  aa  a  jrucetloa  01*  Fro.iectl.le  Velocity-- 

Z.  A.  >!«yEr» 


A  ctnraKrison  coecc  wu  jmam  tiotveen  roe  tvo  veltxlty-nsuiurlng 
fystem*  wfalcb  are  to  te  used  for  energy  absorption  Boosurtiuanta .  Serloua 
WAS  not#<!l  onlv  f>w»  jl13-  ***^ 

1240  ft. /sec.  Tba  tUMgrenent  raac*^  froa  23  to  55  ft. /sec.,  vEareu 
outside  this  Interral  they  agreed  within  several  ft./t-zz.  Since  c^on 
slight  dlsagreeaent  In  velocity  ■eenureaent  can  porcduce  h'jge  arxvTt  in 
tba  ■sesuraaent  of  energy  absorption.  It  was  laperatlve  that  the  cause  be 
understood  and  corrected.  Tests  showed  that  the  prcblea  which  existed 
with  ttae  T37  pro.'j*  tiles  conld  be  adequately  sljsulated  with  bullets. 

Sines  shout  10,000  rowdii  were  fired  In  this  inwestlsatlon,  ths  sawings 
In  cast  and  tine  were  coosllarable. 

Elgb-speed  flash  photographs  of  bullets  at  various  velocities  were 
taken  at  tba  Instaat  they  triggered  ths  lualllne  screens.  Relative 
hullst  positiov'  were  obtained  by  vuperlaqiosii^  negatives.  Tbs  raeulte 
sboeed  that  vuliets  travelUng  at  different  vnlccltles  triggered  the 
residual  velocity  luaUlne  aersen  all  at  the  iiaaia  posltlcn.  Tele  wma 
elao  the  case  for  the  striking  velocity  screen  at  velocities  below  1130 
ft. /sec.  At  1130  ft./sec..  xhe  buHst  iir.ait.itio  ehnir.tly  JijHjed  heck 
1-1/2  Inch  (toward  gun)  at  the  instant  this  screen  was  triggered.  As 
tha  ballet  welcclty  wee  Increased,  this  pr*  triggering  distance  decrsiased 
uutil  it  was  only  3/I6  la.  at  lyOO  ft./sec  •  jphw'no— n:to  aloA*  cou^.d 

•ccoini't  r<jr  Xhm  T»locltjr  dlftA4pp»WMat  vnlrh  *  l.^o  fua 

fttrsdjTto  Cvdhki^s  bI  113^  Iw  !•  ui  inwersic  to  ni^te  Teio  * 

citj  of  icrtss^  usdsr  our  t«at  cooditlcoj  is  ku^vaw  llU)  fL./s«c. 

Addl^looul  taBisS  Siig^ltad  IhA  by 

1  aKrbrV  vbicb  buXlat  at  souvd 

rslucltles  and  ths  light  hesa.  There  was  no  WYldauce  that  the  pre- 
trlggerlng  wae  caoeed  by  eedUanlcal  In  terse  tl<e>  between  the  shock  wave 
and  the  tubes  of  the  lualllne  screen  (e.g.,  alcropbonlcs) . 

•;vst.  were  '•onoucted  which  showed  that  rre-trtggerl”£  djichiil  on 
Ugst  neaa  Intenelty,  pbotosniltlpller  sensitivity  and  aapllfler  gain.  If 
these  Tvrlshleii  are  wisely  controlled,  they  can  prevent  pulse  oaturmtton 
in  the  ss^iHflsr.  T''Ux  larsdts  opi-lstua  use  of  the  outpac  thyxatrr.a  as  an 
anpUtude  dlscrlalnator  to  screvu  out  the  shock  pulsee,  ordinarily  far 

-‘-Puhllsbed.  eo  Firat  Quartarly  J.spoj-t,  Coutrict  OAiy  iLuojta- 

tlOD  Regarding  the  easTi{y  Absorbing  Characterlstlce  of  Katerlale  for 
Utllizatloo  in  Araor,  B.  A.  Keyer,  R.  J.  Hansen,  CJorkaten  Resaarch 
Labs.,  Madison,  Vise.,  June  30,  19>7. 

*6Jorketen  Hetearcb  Labs,,  Madison,  Vise. 
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s»i  lf>v  i-liaji  the  bullet,  aiil  pemlt  only  the  bullet  pulse  to  pe&s. 

It  ]>?3f'ibie  to  ellEilnste  prc  -trl{5gorlus  by  thia  laethod.  It  dJ.d 

net  ollcrw  a  ■ufflcloat  aaTety  factor.  It  was,  therefore,  nacesaary  to 
find  aoae  other  seana  of  reducitjg  the  ahock  pulaa  aajiUtude. 

rorther  Inveatl gation  revealed  there  were  acttally  three  diatlnct 

♦■.VTk««  chQ<;V  rail  w  •  AXX  mjTv 

to  the  denae,  ccapreeaed  air  of  the  ahock  wave  front  acting  aa  a  leoa 
and  refracting  the  light  beaai  0,2*’  toward  the  gun.  Tbla  correapoads  to  a 
1/32  In.  ablfb  la  the  light  beaai  at  tba  photoaultl  pilar  tube.  The  Intor^ 
face  shock  pulse  and  the  nors^J  shock  pulse  are  of  the  caae  polarity  aa 
the  bullet  pulse  and,  therefore,  could  cause  pre-triggering  error.  The 
Inverse  shock  pulse  Is  of  the  opposite  polaulty  ajid  theiefoie  Isixalaas. 

The  Interface  shock  pulse,  ebserved  ooly  on  the  striking  velocity 
lualUne  screens,  waa  caused  by  tha  light  beaa  being  saakad  by  the  back 
side  of  tha  lower  silt  (toward  gun)  during  refraction.  This  reduced  the 
light  striking  tba  photocathoda  and  produced  the  pulse.  It  vas  ellalnated 
by  BDvlug  the  lover  slit  upward  and  firing  below  thla  silt. 

The  Borwu.  shock  pulse  can  be  canaad  either  by  a  reduction  In  the 
light  strikl’.g  tha  pNjtocathods  or  by  the  light  bean  shift  to  a  lasa  aen- 
eitlve  portion  of  tha  photocathode.  Tha  light  level  la  reduced  during 
refraction  If  the  back  portion  of  the  photccathcda  la  tnaskad.  The  de¬ 
crease  in  sana-'.tlvlty  results  when  the  light  baaa  la  poslticnsd  on  tba 
back  portion  of  tha  photew^athoda  so  that  refraction  Bovst  It  away  froH 
the  such  aura  senaltlva  center  portion. 

Ths  InTcrss  shock  puls 5  can  bn  ■used  elthwi  by  tfui  iucreaew  iu  the 
llflht.  •t.T^klna  t:hA  or  by  tibfS  b**S  itO  t  SIKi- 

altlve  portlcoi  of  the  photccathode.  The  light  level  la  iccraaasd  durlrg 
rafractloQ  it  tha  front  portion  of  the  photocathoda  la  aasked.  The  In- 
crenae  In  sensitivity  lesolts  when  ths  light  beaua  la  positioned  on  ths 
front  portion  of  ths  photocathoda  so  that  refraction  ao«SB  It  toi-ard  the 
Bxich  More  sanaltlvs  canter  piortlcn. 

Tbs  nou-nl  ahock  pulse  vaa  nlisdnstad  by  aaklng  certain  that  tha 
back  Bids  of  tha  light  ceaa  vaa  not  uaskad  and  by  puaitlanlng  the  basus  on 
tha  front  pxjitloQ  of  th-  phoio-u'hoio  cw  fwc...  Vhan,  only  an  Inverse 
Bhock  pulaa  resulto  which  cannot  trigger  th*  thyiatroa  and  cause  pirc- 
trlggering  error. 

The  resulta  of  thla  icvaatlgatlon  apply  ep*cirically  to  our  isodlfied 
luelllna  acreena  with  the  0.024-ln.  allta.  However,  norsal  shock  pulssa 
of  aufflcieiit.  aspli lunc  to  oauas  pre  triggariog  error  ware  obKarved  on 
the  stanlsud,  unaodltlad  high  valuslty  luolUne  acreana. 
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CUronogisph  a£r««aeBt  tests  vere  coniSucted  bj  cccncctlri«  all  Tooi' 
cbroaogrej&'is  la  parSLllel  to  a  set  of  luailine  screeas.  One  of  the  chrono¬ 
graphs  v&n  cuislstontly  lov  by  0.09  alUlseccmd.  Flchup  froa  tbs  st&rt 
circuit  distorted  the  oscllletor  vere  fora  for  the  first  few  cycles  end 
these  counts  vere  sicsed. 

Tbs  Interectiss  vss.  ellainated  by  shleldisg  tue  eires  which  origin¬ 
ated  in  the  start  clrcuj.t  and  via  .h  yasssd  behind  the  oscillator  conden¬ 
sers.  Tho  SAEB  interactlca  vaa  noted  in  the  ether  chrooogrsphs  but  to 
lesser  degrees.  Since  it  represents  a  potential  uource  of  error,  they 
vere  all  shielded.  All.  tour  chronographs  than  sgreed  within  0.01  allll- 
aecond. 

A  final  cosiparlson  ebsek  vsa  aads  bstveen  the  tvo  reloclty-asaaurlng 
systeas.  They  agreed  vlthln  experiasntal  error  and  no  ancasly  vas  ob- 
rerrad  In  tha  velocit;/  of  sound  region.  The  velocity  difference  between 
systeas  ranged  froa  -3  to  6  ft. /sec.  aa  ccapared  to  -23  to  3^  ft. /sec.  at 
the  start  of  this  Investigation.  Of  tbs  11  ft. /sec.  spread  observed,  6 
ft. /sec.  can  be  attributed  to  tbs  ajalaua  chrcoograph  resolution  of  ^  b 
ft. /see.  at  these  velocities.  The  reaalning  3  ft./s«c.  c-nriiitloa  could 
easily  be  due  to  cha»{cs  in  drag,  since  both  clipped  and  uncllfusd  bullets 
vere  fired.  Tests  vlth  TJT  pioJectUss  also  shoved  sgreeaent  v^thin 
expertnsntal  error  over  the  coaplete  velocity  rsnge  frea  360  to  2100  ft./ 
esc. 


The  lapoi'tant  reqpdrsasnt  on  ttw  proper  uhulca  of  drag  coefficient 
Is  t]ftat  tbs  projectile  striking  velocity  (Vg)  end  the  residual  velocity 
(Vj.)  ogres  eloss.V.7  At  the  target  plaiie  In  the  shsence  of  a  target.  Any 
sppreclshle  diffarsMCO  can  lalrvunoe  serious  error  00  energy  ahsorpcion 
aeasoreaents.  tialfuc  this  ccodltion,  the  drag  coeff iciest  fer  ?37  pro¬ 
jectiles  van  dateralcad  saperlaentally  over  the  velocity  range  froa  100 
to  2200  ft. /sec. 

The  values  of  the  drag  coefficient  deteraliied  by  Aherdser!  Proving 
Ground  end  Vatertewo  ArseiVil  vere  cosqaared  vltb  that  aeasured  at  our 
laboratory.  Cosrrvlcon  xnta  aade  of  the  ccaqauted  valuec  of  (Vg  -  V^.) 
vlthout  a  target  uslcg  the  three  different  values  of  dng  coefficient  on 
21  roundii  covering  the  velocity  range.  The  least  error  vas  obtained 
using  the  BJerksien  drag  coefficient. 

Energy  sbsorption  aeasureBents  vere  started  on  both  pise  tic  and 
BetalXlc  target  aaterlals.  High-speed  flash  photographs  showed  that  the 
residual  velocity  screens  were  pa-e-  triggered  by  te.rget  fragsents  frea  both 
targets.  Correction  Bust  therefore  be  Bade  for  tha  pre-triggering, to 
avoid  serious  error  in  energy  absorpitlcm  eaasureisfnts .  This  correction 
can  be  obtained  froa  the  pirojectlle-to-sllt  distance  aeasured  froa  s 
photograph  taken  at  the  Instant  each  residual  velocity  screen  is  triggered. 

The  energy  absorption  efficiency  cf  1/32  in.  Micarta  25?-2  for  T37 
projectiles  at  various  striking  velocities  van  presented.  Correctloc  for 
pre-tr;.ggoriag  by  target  fragsecto  vas  Bade  by  the  photographic  technique 
for  each  round  fired. 


Tcchalgfus  for  DetertnLnliif  Stnin  History 
at  Tfms  uadar  High  Speed  iMpact _ 


J.  W.  JsiBsaoa* 


to  aSmlmi  la  liu;  Of  energy  absorption  in  sraor  saterlals,  aa 

apparatss  baa  been  developed  for  obtsdniog  on  a  single  photogzepta  'the 
coiQilete  history  of  the  atra1  n  si  atrlbnlion  in  n  jau-u  uqpoctaa.  Dy 

a  projectile.  The  cejaera,  set  for  tlBM  a^iposura,  sees  the  object  la  sl 
rotating  alrror,  aad  aareral  pictures  at  the  yam  In  nuccssslTe  states  of 
defomatlm  are  aeida  by  flscsbas  of  llitht,  each  of  microsecood  daratlcai. 
Data  can  nov  be  obtained  directly  to  describe  the  strain  at  a  point  oa 
the  impacted  yam  as  a  fmctloc  of  tins.  The  nethod  can  also  bs  applied 
to  other  subjects. 


A  aev  Tecbnletw  for  Dct'arsMiLlug  Transient  Defomatloa 
0.  M.  Stevertr- 


A  nsv  pbotographlc  technique  for  deteivinlng  the  saount  of  transient 
daforaatloo  of  a  ■aterlal  at  a  knovn  tins  after  Inpact  Is  nev  In  use  nt 
B''cpbyslcs  OlTtsloa.  Any  Cbaalc.tl  Center,  Kd.  This  techiiiiitte  Involres 
the  use  of  a  nultlple  xleroflaah  unit,  type  2^Ub,  dareloped  for  Blophyslca 
Division  by  Sdgeitoa,  GersHshnusen  and  Srlsr,  Inc.  Tbs  tmlt  consists  of 
a  pover  supply,  a  triggering  pulsar,  and  20  flasb  unite  vhlcb  nra  sat  off 
In  rapid  s«<praa:e.  xhs  light  source  Is  a  alngle  flasb  tuba,  vlth  a  re- 
flactor  asae^ly  end  each  of  tbs  2C  flasiaeB  is  oT  apprOjLlnately  ona  nicro- 
second  duration.  Tbs  Inteml  betveen  flasbaa  say  ba  set  at  10,  20,  Mo, 

60  or  l6o  nlcrosocoisds. 

During  a  tast,  ■  T^ctograph  1-  tsi^vs  of  the  iapneted  target.  Troei 
this  negative,  one  can  determine  by  ■aasureaent  the  earl  nun  trnnslant 
dafornntlon.  This  1*  done  as  follows:  the  dletanca  frua  tbe  bacb  of  the 
target  to  the  farthest  displaced  longs  la  asasured  on  the  negative.  The 
nuidier  of  flashes  that  occurrrl  before  ij^act  Is  bnovu  utid  the  ausner  of 
flashes  alter  Inpsct  Is  detenloed  by  counting  the  1  gagas  of  the  displaced 
portion.  If  tbe  totSLl  Is  less  than  20,  It  esn  be  aasunsd  that  the  nlsslcg 
flashes  occurred  after  the  narlMni  transient  dafonatlon  van  resu:hed. 

Using  the  above  teoUnl^uss,  it  is  possible  to  deteradne  with  accuracy 
tbe  naxlaiuB  translant  deforaation  for  Ispncted  targRts  such  an  beinats, 
fabrics,  aetsas,  tissue  and  prctsctlve  lease*. 


■“Chenical  Corpe  Hesearch  &  Develojnent  Co*ennd,  Amy  Ciwnleal  Center,  K3. 
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Tltonlua^AJ-Lgy  untor  (juafteraMtar  Con'iruct 
A.  M.  S*broff* 


Tin  iSsslribls  c--;3i!l=itlc=  cf  Msh  itrcnsth  =si  Ics  dsasltr  vhlct 
titaiilviB  aad  Its  sUo/^  pososas  has  Intsniststl  s  iraBbsr  oi  agaaclet  In 
possibility  o.r  using  tbass  asitsTlsJs  In  sraor  ti^ppUcstloa.  Ballistic 
stuli<‘s  ccsiductsd  by  Hstsrtown  Arssaal,  Bnrssu  of  Asronautlcs  sod  RaTSLl 
ProTln«  Gromd  M  far  buck  ns  lOSl  bnT*  shcnrn  that  c«rt»!n  titsmlniB 
alloys  exhibit  bslUetlc  psi-fcisince  Bgalnst  fraSMents  and  arBcr>plsrelr^ 
projectiles  equal  to  or  batter  than  that  of  Bsny  of  ths  ■etalUc  sraor 


appllcatluos  cooductod  by  Eattalls  for  the  Burec.u  of  Aarcosatlcs,  for 
exespla,  an  alloy  baring  the  noalaal  co^osltlon  Tl-3ME-lCr-lf«>lMo-IV, 
v'asn  properly  fahricstsd  and  best-traatod,  sb<nrad  bettar  resistancs  to 
fracaant  slaalators  than  the  paeaeatly  used  alwluxse  alloys  on  an 
a qul Talent  volght  basis. 

Most  of  the  armor  programs  on  tltanlxja,  bowarar,  bare  brsn  ccocemad 
vltb  applicatlcoa  requiring  areal  danaltlcs  In  the  range  2.^  to  lb./ 
sq.  ft.  Co^faratlYely  llttla  vork  has  bean  dooa  on  tltaolvm  alloys  In 
ahsat  sixes  of  Interest  for  parscsmsl  araor,  naaaly,  thcaa  vltb  areal 
dansltlas  balov  2.5  Ib./sq.  ft.  Recant  stuMes  at  tbu  Quartensaster 
Research  ti  BnglJaeanng  Center  oo  Tsrluus  tltanlus  alloys,  hovtrrsr,  have 
ahovn  highly  prcaslBlag  ratults. 

The  obJao'tlTe  of  the  Quarteraaster  Ccarg*  progru  at  B«tt«13.e  Is  to 
eatabllsh  the  cooditlons  tnidar  vhleb  the  moat  proalslng  alJ.oya  daraloped 
thus  far  most  be  processed  ror  partoisiei  armor  applications.  Aithougn 
conoidarahls  data  sro  sTailablc  on  bsoTlsr  gsgcs,  ^slllstlo  pa-.'forsaccs 
cannot  be  extrapolated  to  lighter  gagas  because  of  difference  In  Tarloas 
matallurglca].  cbarsctarlatlcs,  for  cxaaq>le  (1)  grain  site,  (2)  tolerances 
for  IsQSirltleB  and  (3)  notch  senaitlTlty.  This  is  probsbly  true  fi-usi  tlu 
mectanlcal  standpoint  cs  veil,  coDslda^lag  only  the  differences  In 
geometry. 

Initially,  alz  alloya  axhlbltlng  alpha,  alpha-beta  or  oeu.  tacio- 
atnKturas  vlll  be  etodled: 

Tl-^to-lCr-lfe-llto-IV 
Ti  3Ma-  ICr  -lye-lJlj  IV-ltAl 
TJ-6A1-J4V 
Ti-5Al-2.5Sn 
,  T1-16V-2.5A1 

Ti-6Al-3io 

^uttelle  iisaorlal  Institute,  Coluihus,  0. 
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Sxcept  rcr  tbs  rOl-aliha  Tl-5Al-2.5Sn  Elloy,  vblcb  Is  nxjt  ta»t- 
trcatsijle,  t]»a  aiJ.cja  ¥1,11  be  tesited  in  the  foUcving  cccdltlons: 

(1)  iruJlly  snitenTfd. 

(2)  2stt  trested  to  sb=t  »,£)(X)  to  25,000  klguu  ijt 

ultlmt*  strcBcih  timjx  tbe  aszMlsu  ccndtHon. 

(3)  K'^t  trmstiid  to  ahoiit  >10,000  to  50,000  psl  higher  In 

ttltrlasta  »Kj>  •zcsdl'tlc^e 

In  *4dltlon,  'iLa  ¥i-^iLL«-ky  allc/  and  qoa  orthar  alloy  vlXl 

a  7mmS^!T  Qj^  ^lald  /tai 

Tstlos.  This  nnterlal  vlU  be  used  to  stedjr  tbs  effect  of  tbe  epreed 
betveea  jleld  and  iiltlar.te  streactbs  cd  belUstlc  perfcmnce. 

Ths  nllo.TS  Kill  be  studied  In  tvo  sites  costtrlnjt  an  areal  daesltf 
raafa  of  1  to  2,5  ih./sq.  It.  The  naterlnls  vlU  be  vmlmted  In  tte 
C-2  bsLlUstlc  teat  for  both  and  SDeriu  abaoriitlco  chaLractarlstlca. 
Ths  Boat  ynmlsltig  allo/s  will  be  rtedled  anr  a  wider  ranee  oi:  - 

tlooe  in  en  atte^rt  to  eetchlleh  the  oprtljBja  condition  for  amor  appU- 
catlCEia . 

On  coejpletlon  of  the  atvdiee  ovtlinsd,  the  nost  prcstlsla<  alloTa 
will  be  strsdled  In  a  vide  rau«e  of  sheet  sites  ecmrln«  a  rencR  of 
erenl  densities  froai  about  0.5  to  2.5  Ib./aq.  ft.,  to  c^taln  data  for 
use  In  derelopinc  sot  only  titanlm  araora,  bet  also  co^nsitaa  of 
tltenlw  with  ^  *>  dttei-lals. 
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RECOtiiEHDflTIOSS 


iteny  of  Tbo  yftTrticljisits  those  In  nttsndsncs  7olnntssrc£  blglilj 
favorable  comcats  on  the  worth  of  tba  amor  aaterlalc  syapoaltn  In  ccn- 
trihutlng  to  tbelr  kncwlsft^  and  In  atiaulatlniS  ideas.  Ou  the  basis  of 
these  coaents,  the  foUoviog  rsocHendaticns  are  made: 

1.  For  each  broad  area  of  a  iroject  wherein  there  are  groups, 
Cotannd  contractors,  division  laboratories  or  othere  Involved,  air.nal 
Mating  of  all.  interested  groups  be  to  prcssote  ccssunication  hs- 
tween  the  working  (^oupa. 

2.  The  Beetings  be  conducted  cai  en  inforasil  basis  with  eqpla  tiae 
allowed  for  discuesion. 


Adgotfuroopgifra 


The  contiibutiana  of  Kr.  A.  L.  Lestnik  of  the  Cheaicala  end  Plastics 
Cl  vision  end  of  Mr.  Hugh  E.  McCraven  of  the  Technical  Services  Office  in 
Baking  arrangesents  for  the  Beetlng  are  gratafuUy  acknowledged. 
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